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A predictive model for preterm babies born < 30 weeks
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OBJECTIVE: Develop a model to predict gastrostomy tube (GT) for feeding at discharge in infants born < 30 weeks’ (w) gestational
age (GA).
STUDY DESIGN: A single-center retrospective study at academic NICU. Total of 391 (78 GT, 313 non-GT) infants < 30 w GA admitted
in 2015–2018 split into test (15–16) and validation (17–18) cohorts. Classification and regression tree analysis was used to identify
predictive factors for GT.
RESULTS: Several factors were associated with GT requirements. Four factors included in the model were postmenstrual age (PMA)
at first oral feeding, birth GA, high-frequency ventilation exposure, necrotizing enterocolitis stage II/III. Area under the receiver
operator characteristic curve was 0.944 in the test cohort, 0.815 in the validation cohort. Implementation plan based on the model
was developed.
CONCLUSIONS: We developed a predictive model to risk-stratify infants born < 30 w GA for failing full oral feeding. We hope
implementation at 38 w PMA will result in earlier placement of needed GT and discharge.
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INTRODUCTION
While “very preterm” (<32 weeks’ (w)) gestational age (GA) infants
generally represent only 1.5% of all births [1] these infants
experience high rates of death, medical complications, and poor
neurodevelopmental outcomes, leading to significant healthcare
and other associated costs [1–6]. Innovation and optimization of
care to reduce morbidity, mortality, and costs associated with very
and extremely preterm births is a topic of ongoing discussion [7].
One reason for prolonged hospitalizations among very preterm
infants is that these patients require admission to the neonatal
intensive care unit (NICU) and enteral tube feeding until they are
mature enough to feed orally from the breast or bottle. While
institutional protocols for feeding advancement differ signifi-
cantly, the transition from naso- or oro-gastric tube to oral (PO)
feeding among very premature infants is generally initiated at first
sign of “readiness,” which typically occurs at 32–34 weeks’
postmenstrual age (PMA), when coordinated sucking, swallowing,
and breathing develops [8–10]. Recent research has demonstrated
that more aggressive early introduction of oral feeding at
31–32 weeks may accelerate the transition from tube to oral
feeding [11–13]. However, some babies are unable to achieve full
oral feeding and therefore require a nasogastric or gastrostomy
tube (GT) for safe discharge. This is especially true for preterm
babies with significant bronchopulmonary dysplasia, a chronic
lung disease of preterm infants [13, 14]. Prolonged respiratory

support, poor oral feeding advancement, together with eventual
GT placement, result in prolonged hospitalizations, which likely
contribute to increased costs, family inconvenience, postnatal
growth deficits, and poor long-term neurodevelopmental out-
comes [15–17].
In a descriptive cohort of infants at our NICU undergoing GT,

pilot data from babies born 2015–2016 found that the decision to
place a GT among very preterm infants may be contributing to a
several week delay in discharge [18]. At our NICU, GT placement
was often done after a prolonged trial of oral feeding with babies
weighing far above our institutional minimum of 2.8 kg to
undergo the surgery. Additional data from this study showed
that infants born >30 w who required GT placement had genetic/
surgical conditions or congenital anomalies whereas infants <30 w
required a GT due to oral feeding failure secondary to complica-
tions of prematurity [18]. This led us to use 30 w as the threshold
for the current study. Another group of investigators found that
among 103 infants born at < 29 w GA who were tube-dependent
(grouped together as nasogastric, gastrostomy, or jejunostomy
tubes) at discharge, 83.5% had no additional diagnoses apart from
extreme prematurity [19]. These data suggest that among infants
born at < 30 w GA, complications of prematurity are the most
common causes of oral feeding failure and thus GT requirement.
We, therefore, hypothesized that we could develop a predictive

model to identify earlier which preterm infants born <30 w
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admitted to our NICU would be at high risk of requiring GT
placement for discharge. In this paper, we describe the predictive
model developed for this target population and the initial plan for
NICU implementation of the model.

SUBJECTS AND METHODS
This was a retrospective study with IRB approval, not requiring informed
consent. This research was performed in accordance with the Declaration
of Helsinki and the need for ethics committee approval was waived. All
infants born <30 w GA admitted to the NICU at the Medical University of
South Carolina in 2015–2016 were identified using a local database. Based
partially on specific factors shown previously to be associated with a GT in
preterm infants [14, 17, 18, 20–22] each electronic record was then
examined to collect demographic data and factors that occurred during
the NICU course, including gestational age (GA) at birth, birth weight (BW),
race (white, black, other/unknown), sex, inborn versus outborn status,
maternal illicit drug usage documented as a problem in the birth summary,
neonatal abstinence syndrome documented as a problem, small for
gestational age (SGA) status defined as BW < 10th percentile for GA,
multiple versus singleton status, patent ductus arteriosus (PDA) considered
hemodynamically significant and treated medically with indomethacin,
ibuprofen or acetaminophen, PDA ligation surgery, stage II or higher
necrotizing enterocolitis (NEC), NEC requiring surgery, any grade
intraventricular hemorrhage (IVH), Grade III–IV IVH, ventriculomegaly,
placement of a reservoir, placement of a ventriculo-peritoneal shunt, and
receiving any maternal breast milk at 32 weeks’ (w) post-menstrual
age (PMA).
Respiratory data were collected at three time points: 30 days (d) of age,

32 w PMA and 36 w PMA. For each time point, the values collected were
the first data point available from 0500 to 1200 on that day. We recorded
FiO2 and mode of respiratory support: none, a nasal cannula (NC),
humidified high-flow NC (HFNC) used for flows >2 liters per minute (LPM),
continuous positive airway pressure (CPAP), nasal intermittent positive
pressure ventilation (NIPPV), conventional ventilation, or high-frequency
ventilation (HFV) defined as either jet ventilation or an oscillator. LPM flow
was recorded for babies on NC or HFNC respiratory support, while mean
airway pressure (MAP) was recorded for babies on CPAP or higher positive
pressure support. It was also recorded if a baby ever received HFV,
generally used as a “rescue”mode, at any time prior to 36 w PMA. The PMA
at last ventilator day and at last CPAP day, as well as total ventilator days
and total CPAP/NIPPV+ ventilator days prior to 36 w PMA were recorded
to support model development.
To examine the rapidity of advancement of oral feeding, the amount of

oral feeding in mL/kg/day orally weekly from 34 to 40 w PMA, and daily for
each day of oral feeding attempts once initiated from day 1 forward was
recorded. Data from babies who were discharged were treated as missing
rather than censored to the highest feeding volume. The PMA at which a
baby was first offered oral feeding attempts was also noted.
In general, our criteria for GT placement were insufficient oral feeding

volume to support adequate growth, or inability to attempt oral feeding
due to underlying conditions, such as significant respiratory disease
requiring tracheostomy and mechanical ventilation. Adequate growth was
defined as 5-day growth velocity of >18 g/kg/day if weight < 1.8 kg,
>20–25 g/day if weight > 1.8 kg, or growth along a weight percentile at or
above the birth weight percentile[23]. Our surgeons use a minimum
weight of 2.8 kg as the lower threshold for laparoscopic GT placement.
During the study period of 2015–2018, it was our practice to allow an oral
feeding trial before consideration for a GT if the infant was otherwise able
to attempt oral feeding. Criteria for oral feeding attempts were respiratory
support of ≤0.5 LPM NC and PMA of at least 31 w. We employ occupational
therapists and speech therapists to help guide with feeding safety and
progression. Oral feeding advancement was determined by feeding
readiness scoring and generally left to our speech team and the bedside
NICU nurses who have significant expertise in this arena. Our practice was
to allow for one week of exclusive breastfeeding attempts for mothers who
have been pumping and planning to nurse when oral feeding is
introduced. “Oral care” is provided all along with mother’s milk, which
provides mechanical and hormonal stimulation to the infant’s oral mucosa.
Oral care involves using maternal or donor milk, or sterile water, to swab
the infant’s oral mucosa, lips, and endotracheal tube (if applicable) every
3–6 h in any infant not receiving oral feeding attempts unless otherwise
contraindicated. In addition, our institutional practice is to orally intubate
patients, but we try to extubate them as soon as possible. Infants are not

allowed to orally feed if on mechanical ventilation or CPAP but are given
oral care. Infants in our NICU who receive a tracheostomy nearly always
receive a GT for nutritional support, usually performed at the same time as
tracheostomy. Occasionally a baby who receives a tracheostomy for an
airway issue and not for primarily lung disease/ respiratory support will
orally feed successfully but this is the minority.
In the initial database assessment based on aggregate data, it was noted

that 14% (47 out of 329) of all babies <30 weeks required a GT for home
enteral feeding (we did not use home nasogastric tube feeding). This
estimate was utilized by our biostatistician team to determine a sample
size of 267 patients would be adequate to achieve 90% power. Initial
detailed analysis showed that babies who were discharged without GTs
were discharged at a median PMA of 36.3 w, and babies who required GT
underwent GT surgery at a mean of 46.0 w PMA [18]. As a result, prior to
any model development, 36 w PMA was arbitrarily identified as the goal
PMA to implement the prospective model. Exclusion criteria were
developed based on a baby’s ability to contribute to the model. Babies
who died or were transferred to another hospital prior discharge to were
excluded, as it is unknown whether they would or would not have not
received a GT. We were concerned that babies admitted to our NICU after
7 days of age would make the population too heterogenous from an early
feeding protocol standpoint, and some babies are transferred in to the
MUSC’s regional referral NICU specifically for GT placement, so they would
not be appropriate to include in a predictive model based on all premature
infants of a particular gestation. Thus, outborn babies admitted to MUSC
after 7 days of age were excluded (Fig. 1). Other exclusions, similarly-based,
are noted in our consort diagram (Fig. 1).
Babies who received a GT were compared to those who did not require

a GT for discharge to home by univariate analyses using the chi-square test
or Fisher’s exact test for categorical variables and two-sample t test or
Wilcoxon rank-sum test for continuous variables. Babies who never fed
orally were arbitrarily assigned a PMA at first oral feeding of 52 w since the
highest value recorded for any baby who did orally feed was 51 w. To
compare oral feeding curves, linear and quadratic models were fitted to
plot mL/kg/day as a function of PMA or day of oral feeding to compare GT
and non-GT babies. Babies who never had oral feeding attempts were
excluded from these analyses. Classification and regression tree (CART)
methodology was used to identify optimal thresholds of the predictors for
determining GT requirement (yes/no) and because the final CART model
produces a diagram that is easily and clinically interpretable.
The receiver operator characteristic (ROC) curve was plotted to examine

the accuracy of the predictive model and the area under the curve (AUC)
value was reported. The model was then internally validated on a second
2-year internal cohort of babies (n= 187 after exclusions) admitted to the
MUSC NICU in 2017–2018, only collecting information for clinical variables
included in the original predictive model, as well as selected respiratory
and feeding data.

RESULTS
Data were collected retrospectively on all babies <30 w GA (n=
281) admitted to the NICU in 2015 and 2016. Forty-seven (14%)
had GT and 234 did not. After applying exclusion criteria, full data
was collected on 204 infants: 41 (20%) with GT while 163 were
discharged on full oral feeds with no GT (Fig. 1).
Many factors were significantly different between GT and non-

GT babies (Table 1) on univariate analysis; factors associated with a
GT at discharge were lower GA, lower BW, male sex, SGA, PDA
treated medically, PDA ligation, any stage of necrotizing
enterocolitis (NEC), NEC requiring surgery, any grade IVH, Grade
III–IV IVH, ventriculomegaly, and HFV ever.
Every respiratory variable collected was significantly higher in

the GT cohort at 30 d of age, 32 w PMA and 36 w PMA. However,
since only “HFV ever” of the respiratory variables remained in the
final model, detailed respiratory data will be published elsewhere
to describe the typical respiratory course of infants < 30 w GA who
do or do not attain full oral feedings. Space constraints do not
permit a detailed presentation here.
Linear and quadratic models were fitted to describe mL/kg/day

as a function of PMA and day of oral feeding to compare GT and
non-GT babies (Fig. 2). Quadratic modeling provided a better fit
for the intake by day of oral feeding data (Fig. 2A) while a linear
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model was a better fit for the intake by PMA data (Fig. 2B). The
curves were significantly different (P < 0.0001, using a repeated-
measures regression) in both cases, with non-GT babies exhibiting
greater PO intake compared with babies who later required a GT.

The CART model from our test cohort included PMA at first oral
feeding (PMAff), gestational age, HFV ever, and NEC Stage II or III
ever as predictors of GT requirement. PMAff was the most
predictive variable of GT requirement. The CART analysis resulted

Table 1. Variables and characteristics collected in the test cohort.

All babies < 30 weeks G-tube babies Non-G-tube babies p-Value

N= 204 N= 41 N= 163

Gestational age (weeks, median (IQR)) 27.6 (26–28.6) 26.3 (24.3–27.4) 27.9 (26.4–28.9) <0.001

Birth weight (grams, median (IQR)) 977 (758–1170) 680 (590–870) 1005 (833–1185) <0.001

Race NS (0.37)

White 67 (33%) 10 (24%) 57 (35%)

Black 119 (58%) 26 (63%) 93 (57%)

Sex—female 104 (51%) 15 (37%) 89 (55%) 0.039

Inborn 176 (86%) 38 (93%) 138 (85%) NS (0.22)

Maternal drug use 15 (7%) 4 (10%) 11 (7%) NS (0.51)

NAS 4 (2%) 1 (2.4%) 3 (1.9%) NS (0.84)

SGA 36 (18%) 12 (29%) 24 (15%) 0.029

Multiple gestation 60 (30%) 46 (28%) 14 (34%) NS (0.60)

PDA tx with meds 66 (33%) 22 (55%) 44 (27%) 0.001

PDA ligation 24 (12%) 13 (32%) 11 (7%) <0.001

NEC (Stage II, III) 19 (9%) 9 (22%) 10 (6%) 0.003

NEC w/surgery 9 (4.4%) 8 (19.5%) 1 (0.6%) <0.001

IVH (any grade) 62 (30%) 22 (54%) 40 (25%) <0.001

IVH Grade 3–4 14 (7%) 7 (17%) 7 (4%) 0.009

Ventriculomegaly 9 (4%) 6 (15%) 3 (2%) 0.002

Reservoir 3 (1.5%) 2 (5%) 1 (0.6%) NS (0.10)

Ventriculo-peritoneal shunt 4 (2%) 2 (5%) 2 (1%) NS (0.18)

HFV ever 60 (29%) 32 (78%) 28 (17%) <0.001

Any maternal milk at 32 weeks PMA 137 (67%) 28 (68%) 109 (67%) NS (0.86)

PMA at first oral feeding attempt* 34.1 (32.9–36.7) 40.3 (36.1–52)* 33.6 (32.6–35.6) <0.001

NAS neonatal abstinence syndrome, SGA small for gestational age, PDA patent ductus arteriosus, NEC necrotizing enterocolitis, IVH intraventricular hemorrhage,
HFV high-frequency ventilation, PMA post-menstrual age.
NS nonsignificant.
*Twelve babies never had any oral feeding attempts and were assigned 52 w (highest data point was 51 w).

Fig. 1 Consort diagram for test cohort, demonstrating exclusion criteria application and remaining cohort. DOL day of life, PMA post-
menstrual age.
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in the generation of several “nodes” or categories of babies, which
provided varying likelihoods of GT requirement based on the
selected variables (Table 2, Supplementary Fig. S1). Next, a ROC
curve was plotted to examine accuracy of the predictive model on
the test cohort with AUC of 0.944. A sensitivity analysis allowed us
to determine that the addition of any other variable did not
improve the prediction. Data were then collected for the
validation cohort (n= 187 after applying exclusions), collecting
only variables that were included in the predictive model and
other selected variables (Supplementary Fig. S2). An ROC curve
using the test cohort model variables demonstrated an AUC of
0.815 for the internal validation cohort (Supplementary Fig. S3).
When the combined (test and validation) cohort was examined,
the AUC was 0.886.
Once the model was completed, implementation of the model

in actual clinical practice was developed. We share the details of
our implementation plan for anyone who wishes to utilize our
concept. We used the terminal “nodes” derived directly from the
CART regression analysis and examined the percent risk in each
node for needing a GT (Table 2). Our model implementation plan
will have the clinical team place the baby in one of the three
categories based on the assessment of the four factors above at
38 w PMA; this will be done for all infants born at <30 w GA
admitted before 7 days of age who have not achieved full oral

feedings by 38 w PMA (Table 3). We generated a high-risk group
(86–99% risk of GT) with specific recommendations for expediting
a GT in our institution. The medium (50–55%) and low-medium
(35%) risk groups require close monitoring by the clinical team
with daily plotting of successful oral intake on a gridded graph of
days of feeding attempts versus oral intake (Supplementary
Fig. S4) to help guide the clinical team in working with families to
consider or not consider a GT. The low-risk group (7–18%) needs
no further intervention.
Our implementation plan does not state that any baby “must”

or “should” have a G-tube; we do not intend to increase the
number of GTs, but rather to have an earlier discussion so that a
GT is placed sooner (with potential benefits as discussed earlier) in
those infants who would have ultimately failed to attain full oral
feedings. We have begun the implementation of this new protocol
and will monitor for the next 2 years.

DISCUSSION
In our NICU, we were able to identify several factors predicting
high risk for inability to achieve full oral feeding which in our
institution leads to GT placement, and have developed a
predictive model to identify future infants at high risk for oral
feeding failure. The decision to place a GT can be quite difficult
and significantly delays discharge to home. The purpose of this
study was to provide clinicians with a tool to reasonably predict
which babies would most likely fail oral feeding and require GT for
discharge or to give clinicians an idea about what factors might be
predictive in their own population. In this study, we propose the
first model of its kind.
The predictive four variables were validated in a second cohort. Of

the factors identified in the model, the most important factor was the
PMAff. This is the time when the clinical team and/or unit practice
would allow and encourage oral feeding. Since initiation of oral
feeding attempts is mostly dependent on respiratory status, primary
respiratory status variables did not remain in the model, despite high
significance in univariate analysis. We are now investigating more
specifically whether PMAff is actually a surrogate for respiratory
status severity (Anderson et al., submitted).
The oral feeding curves may be useful to clinicians in deciding

about the need for a GT. The vision for this model development
was to use these data to assist in committing to a GT sooner than
in our previous practice. We plan to use this tool in conjunction
with the predictive model to provide prognostic information and
guide decision-making conversations with parents regarding
surgical tube placement. Applicability to other NICUs is uncertain
and our oral feeding clinical practice guidelines (Supplementary

Table 2. Predictive model following CART analysis with probability
for GT.

Node Probability PMAff
(weeks)

Gestational
age (weeks)

HFV ever NEC

1 0.9999 ≥46.4

2 0.8695 ≥38 and
<46.4

Yes

3 0.5554 ≥38 and
<46.4

No

4 0.3447 <38 Yes Yes

5 0.49989 <38 <24.6 Yes No

6 0.36353 <38 ≥24.6 Yes No

7 0.074 ≥35.4
and <38

No

8 0.18175 <35.4
and <38

No

PMAff post-menstrual age at first oral feeding, HFV high-frequency
ventilation, NEC necrotizing enterocolitis stage II or III.

Fig. 2 Feeding data for test cohort by group. A Quadratic fit for mean mL/kg/day by day of oral feeding attempt, with 95% confidence limits.
B Linear fit for mean mL/kg/day by PMA, with 95% confidence limits. Data from infants who never attempted oral feeding were excluded. Data
from days after infants were discharged were counted as missing.
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Fig. S5) are provided so others can understand the nuances that
could change these data under their NICU’s specific paradigms.
Babies we did not think would contribute to the model (e.g., those

who died before oral feeding would be attempted) were excluded. In
addition, babies admitted later in their NICU course would not have
been treated the same way as our standard oral feeding preparation
would be (oral care with breast milk, feeding readiness scoring, etc.
see Supplementary Fig. S5) and were thus excluded.
This study is limited by the inherent heterogeneity of the under-

lying conditions and clinical courses of extremely preterm infants
at our institution. Based on our discussion with colleagues at other
centers, the process of when and whether to place a GT is quite
idiosyncratic. Practice patterns in feeding, tube choice, and
respiratory support management also vary widely by institution.
Further, indications for GT placement in a preterm infant are
numerous and include oral aversion, genetic syndromes, and
cardiopulmonary, gastrointestinal, or neurological problems.
Thankfully, some nuance and granularity of predicting GT
requirement is clarified by our robust predictive model using only
these four variables. Essentially, as we found previously [18], most
babies who receive GT at our institution born <30 w had
prematurity-related problems such as chronic lung disease or
neurologic problems related to prematurity. A larger sample size
would have improved our predictive power, and it is possible that
addition of other variables such as illness severity scoring may
have helped further refine the model. The biggest limitation is that
our NICU policy of oral feeding on ≤0.5 LPM flow is more
restrictive than other institutions. It is possible that the delay in
waiting for flow to be weaned is a time that is a “window” for
neurologic development of feeding ability, and we miss this
window by waiting until later to initiate oral feeding. Another
limitation is that our validation cohort is internal and subject to
the same limitations noted above. The endpoint for the inability to
achieve full oral feeding at MUSC is a GT. GTs may be temporary
and can be removed later if the baby’s oral feeding improves at

home [18, 22]. Our NICU clinicians do not utilize home nasogastric
tube feedings as a policy, although other NICUs do utilize this
method for home feeding [24–27].
There are no consensus guidelines on the selection and timing

of GT placement in preterm infants. Using our NICU population,
we developed a predictive model to identify those infants born at
<30 weeks’ gestational age at highest risk for receiving GT. The
four most predictive factors included in the model were PMA at
first oral feed attempt, gestational age at birth, any exposure to
HFV during the hospital course and NEC Stage II or III. These four
factors had enough strength to predict need for GT at discharge
with an AUC of 0.944 and were successfully validated on a second
internal cohort. We developed and share an implementation
protocol based on the model. This information may facilitate the
decision to place a GT which we believe will hasten discharge.
We also believe earlier discharge could theoretically improve
neurodevelopmental outcomes, as well as decrease costs.
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